out transverse relaxation. This decrease was calculated 20 , and the measured values were corrected.
Estimating the Alpha-Particles Transmission through a Barrier N. CÂRJAN and A. SĂNDULESCU
Institute for Atomic Physics, Bucharest, Romania (Z. Naturforsch. 26 a, 1339 (Z. Naturforsch. 26 a, -1391 (Z. Naturforsch. 26 a, [1971 ; received 16 March 1971) Among the numerous doubts associated with the estimation of the alpha-decay penetrabilities, two queries have been selected in order to investigate their justification: is the ambiguous determination of a-nucleus potential a real obstacle and is the JWKB an inadequate approximation ?
In the study of alpha decay, theoretical successes have been invariably achieved only in reproducing the general features of experimental data, i. e. in explaining behaviours but not absolute values. Thus the first great accomplishment was the explanation of the marked dependence of the halflife upon the energy of the emitted a-particle as due to the energy dependence of the penetrability factor 2 and the second was the explanation of the reduced widths varying with the mass number as due to the variation of the a-particle formation probability with the level assignments of the most loosely bound four nucleons 3 .
As for absolute values, no approach has given a satisfactory explanation, and every time the authors, in their conclusions, nurtured the hope that the discrepancy recorded was largely due to some insufficiencies in the determination of the penetrabilities. For this purpose we have applied the theoretical considerations briefly reviewed below to the groundground state transitions in even-even polonium isotopes.
Alpha-decay constant has long been considered 9 to be a product of the probability of a-particle formation inside the nucleus and the probability of where R\n and /?out are the internal and outer turning points given by Q (r) = 0. 253 [1954] and the references quoted there.
this particle penetrating the nuclear and coulombic barrier, expressed in the form A = £a*(re)P(rc)
where rc is the channel radius.
In agreement with most previous works we will use the following definition for the penetrability factor P(rc)
where y>(r) is the radial outgoing wave of the Schrödinger equation
Here E is the alpha decay energy, i. e. the experimental a-particle energy corrected by recoil and electron screening 10 , z the charge of the initial nucleus and U (r) the alpha-nucleus potential assumed to be of Woods-Saxon form
V0 being the depth, R0 = r0 A' 1 ' the radius and a the diffusivity of the potential.
If the first order JWKB approximation is used the penetrability factor (2) becomes P(rc)^2|<?(rc)|rc-exp
In order to visualize the effects of the well known ambiguities of the optical model analysis of a-particle elastic scattering on alpha penetrabilities we have plotted in Fig. 1 the reduced widths <5 2 (8.6 fm) derived from Eq. (1) as function of mass number. We have used the existing experimental data (see Table 1 ) and the three sets of Woods-Saxon parameters, which yield minimum ^-values for the angular distribution of a elastic scattering on Bi target, obtained in Ref. n .
From this figure we see that only the shallow potential (curve a) can be distinguished from the other two deep potentials (curves b and c). This characteristic remains the same even if we compute the penetrabilities for every isotope in its turning point.
Based on the coupled channels analysis combined with cluster information about the bound states 12 or on the calculation of composite-particle potentials from the known nucleon potentials 5 ' 13 we can exclude the shallow potential (curve a). As the two remaining possibilities (curves b and c) are superposed we conclude that the determination of Woods-Saxon parameters from the fit of alpha decay data is not possible, since such a procedure leads to the same ambiguities as the optical model analysis of elastic scattering data.
As regarding the exact and JWKB values of the penetrability factor, rather different conclusions have been already reported 5 ' 14 ' 15 .
The validity of the approximate formulas (5) have been tested by comparing their rc dependence with that of the exact formula (2). The results for three Polonium isotopes are represented in Figure 2 . Despite the similitude between JWKB and exact curves we consider the JWKB approximation as a somewhat inadequate method owing to its inapplicability round the internal turning point Rm . This area of 0.3 fm to the left and 0.4 f to the right is the only physical region where the origin of the a-particle may be looated 16 . Even without taking into acount physical reasons the phase-integral method can not be applied far inside the barrier where
